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(54) Vehicular air conditioner compressor 

(57) The present invention provides a rotating appa- 
ratus. The rotating apparatus includes a rotor (83) and 
a motor generator (MG). The rotor (83) includes a belt 
holder (83a) on its outer circumferential surface. The 
belt holder (83a) transmits powerbetween an engine (E) 
and the rotor (83). The motor generator (MG) is accom- 



modated in and operably connected to the rotor (83). 
The motor generator (MG) selectively functions as at 
least one of a motor and a generator. The motor gener- 
ator (MG) is arranged inside the belt holder (83a) such 
that the motor generator (MG) is surrounded by the belt 
holder (83a). 
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Description 

[0001] The present invention refers to a rotating ap- 
paratus located in a compressor for a vehicular air con- 
ditioner. More specifically, the present invention pertains s 
to a rotating apparatus for transmitting power to a com- 
pressor from a drive source of a vehicle, which is an en- 
gine. 

[0002] A typical engine of a vehicle employs an idling 
stop system in these days to improve the fuel economy. io 
The idling stop system automatically stops the idling en- 
gine when the vehicle is stopping such as when waiting 
at stoplights. Thus, a hybrid type compressor, such as 
the one disclosed in Japanese Laid-Open Utility Model 
Publication No. 6-87678, is used for a vehicular air con- 15 
ditioner so that the air-conditioner can be operated even 
when the engine is stopped. 

[0003] In the hybrid type compressor of the above 
publication, a pulley is rotatably supported in a housing 
of a compressor. A belt holder is formed on the outer 20 
circumferential surface of the pulley. Power is transmit- 
ted to the pulley from an engine through the belt. An 
electric motor is located in the pulley and is connected 
to and driven by a drive shaft of the compressor. When 
the engine is stopped, the electric motor rotates the 25 
drive shaft of the compressor. 

[0004] However, in the compressor of the above pub- 
lication, a cylindrical portion extends from the side of the 
belt holder in the axial direction of the drive shaft. The 
electric motor is located in the cylinder portion. That is, 30 
the electric motor is accommodated in the pulley but the 
size of the pulley is increased by forming the cylindrical 
portion. Therefore, the size of the compressor, which in- 
cludes such pulley, is increased in the axial direction of 
the drive shaft. As a result, it is difficult to install such 35 
compressor in a vehicle. 

[0005] The objective of the present invention is to pro- 
vide a rotating apparatus that is miniaturized in the axial 
direction. 

[0006] To achieve the foregoing objective, the present 40 
invention provides a rotating apparatus. The rotating ap- 
paratus includes a rotating body and a rotary electric de- 
vice. The rotating body includes a power transmitting 
portion on its outer circumferential surface. The power 
transmitting portion transmits power between an exter- 
nal drive source and the rotating body. The rotary elec- 
tric device is accommodated in and operably connected 
to the rotating body. The rotary electric device selective- 
ly functions as at least one of a motor and a generator. 
The rotary electric device is arranged inside the power so 
transmitting portion such that the rotary electric device 
is surrounded by the power transmitting portion. 
[0007] Other aspects and advantages of the invention 
will become apparentf rom thefollowing description , tak- 
en in conjunction with the accompanying drawings, il- 55 
lustrating by way of example the principles of the inven- 
tion. 

[0008] The invention, together with objects and ad- 



vantages thereof, may best be understood by reference 
to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Fig. 1 is a cross-sectional view illustrating a swash 
plate type variable displacement compressor; 
Fig. 2 is an enlarged view illustrating the vicinity of 
the pulley shown in Fig. 1 ; 

Fig. 3 is an enlarged cross-sectional view illustrat- 
ing a one-way clutch; 

Fig. 4 is a cross-sectional view illustrating a control 
vale; 

Fig. 5 is an enlarged cross-sectional view illustrat- 
ing the vicinity of a pulley according to a further em- 
bodiment; and 

Fig. 6 is an enlarged cross-sectional view illustrat- 
ing the vicinity of a torque limiter according to a fur- 
ther embodiment. 

[0009] A rotating apparatus according to a preferred 
embodiment of the present invention will now be de- 
scribed. The rotating apparatus is used for a pulley in a 
swash plate type variable displacement compressor of 
a vehicular air conditioner. 

[0010] As shown in Fig. 1 , a fluid machine, which is a 
swash-plate type variable displacement compressor in 
the preferred embodiment (hereinafter, simply referred 
to as a compressor), includes a housing 11. A control 
chamber, which is a crank chamber 12 in the preferred 
embodiment, is defined in the housing 11. A drive shaft 
13 is rotatably supported in the crank chamber 12. The 
drive shaft 13 is connected to and driven by a drive 
source of a vehicle, or an engine E, through a rotating 
apparatus, which is a pulley PT in the preferred embod- 
iment. 

[0011] The pulley PT has a rotary electric device, 
which is a motor generator MG in the preferred embod- 
iment. The motor generator MG is located in the power 
transmitting path between the engine E and the drive 
shaft 1 3 and functions as a motor and a generator. When 
the engine E is running, the pulley PT always transmits 
power from the engine E to the drive shaft 13 and the 
motor generator MG. That is, the pulley PT functions as 
a clutchless type power transmitting mechanism for the 
power transmission between the engine E and the com- 
pressor. If an air-conditioner is operated when the en- 
gine E is stopped, the motor generator MG functions as 
a motor. Thus, the pulley PT driven by the motor gener- 
ator MG rotates the drive shaft 13. 
[0012] A lug plate 14 is located in the crank chamber 
12 and is secured to the drive shaft 13 to rotate integrally 
with the drive shaft 13. A swash plate 15 is located in 
the crank chamber 12. The swash plate 15 slides along 
the drive shaft 13 and inclines with respect to the axis 
of the drive shaft 1 3. 

[0013] A hinge mechanism 16 is provided between 
the lug plate 14 and the swash plate 15. The hinge 
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mechanism 16 causes the swash plate 15 to rotate in- 
tegrally with the lug plate 14 and the drive shaft 13 and 
to incline with respect to the drive shaft 13. 
[0014] Cylinder bores 11a (only one shown) are 
formed in the housing 11 . A single headed piston 17 is 
reciprocally accommodated in each cylinder bore 11a. 
Each piston 17 is coupled to the peripheral portion of 
the swash plate 15 by a pair of shoes 18. Therefore, 
when the swash plate 1 5 rotates with the drive shaft 1 3, 
the shoes 18 convert the rotation of the swash plate 1 5 
into reciprocation of the pistons 17. 
[001 5] A valve plate assembly 1 9 is located in the rear 
portion of the housing 11. A compression chamber 20 
is defined in each cylinder bore 11a by the associated 
piston 17, the housing 11 , and the valve plate assembly 
19. The valve plate assembly 19 has suction ports 23, 
suction valve flaps 24, discharge ports 25 and discharge 
valve flaps 26. Each set of the suction port 23, the suc- 
tion valve flap 24, the discharge port 25 and the dis- 
charge valve flap 26 corresponds to one of the cylinder 
bores 1 1 a. A suction chamber 21 and a discharge cham- 
ber 22 are defined in the rear portion of the housing 11. 
[001 6] When each piston 1 7 moves from the top dead 
center to the bottom dead center, refrigerant gas in the 
suction chamber 21 is drawn into the corresponding 
compression chamber 20 through the associated suc- 
tion port 23 and the suction valve flap 24. The refrigerant 
gas drawn into each compression chamber 20 is com- 
pressed to a predetermined pressure when the corre- 
sponding piston 1 7 moves from the bottom dead center 
to the top dead center. The compressed refrigerant gas 
is discharged to the discharge chamber 22 through the 
associated discharge port 25 and the discharge valve 
flap 26. 

[0017] As shown in Fig. 1 , a bleed passage 27 and a 
supply passage 28 are formed in the housing 11. The 
bleed passage 27 connects the crank chamber 12 with 
the suction chamber 21 . 

[0018] The supply passage 28 connects the dis- 
charge chamber 22 with the crankchamber 1 2. The sup- 
ply passage 28 is regulated by a control valve CV. 
[001 9] The degree of opening of the control valve CV 
is changed for controlling the relationship between the 
flow rate of high-pressure gas flowing into the crank 
chamber 1 2 through the supply passage 28 and the flow 
rate of gas flowing out of the crank chamber 12 through 
the bleed passage 27. The crank chamber pressure is 
determined accordingly. In accordance with a change in 
the pressure in the crank chamber 12, the difference be- 
tween the crank chamber pressure and the pressure in 
each compression chamber 20 is changed, which alters 
the inclination angle of the swash plate 1 5. As a result, 
the stroke of each piston 17, that is, the discharge dis- 
placement, is controlled. 

[0020] For example, when the pressure in the crank 
chamber 12 is lowered, the inclination angle of the 
swash plate 15 is increased and the compressor dis- 
placement is increased accordingly. When the crank 



chamber pressure is raised, the inclination angle of the 
swash plate 15 is decreased and the compressor dis- 
placement is decreased accordingly. 
[0021] As shown in Fig. 1, the refrigerant circuit (re- 

5 frigeration cycle) of the vehicular airconditioner includes 
the compressor and an external refrigerant circuit 30. 
The external refrigerant circuit 30 includes a condenser 
31 , an expansion valve 32, and an evaporator 33. 
[0022] A first pressure monitoring point P1 is located 

10 in the discharge chamber 22. A second pressure mon- 
itoring point P2 is located in the refrigerant passage at 
a part that is spaced downstream from the first pressure 
monitoring point P1 toward the condenser 31 by a pre- 
determined distance. The first pressure monitoring point 

15 pi is connected to the control valve CV through a first 
pressure introduction passage 35. Thesecond pressure 
monitoring point P2 is connected to the control valve CV 
through a second pressure introduction passage 36 
(see Fig. 4). 

20 [0023] As shown in Fig. 4, the control valve CV has a 
valve housing 41 . A valve chamber 42, a communication 
passage 43, and a pressure sensing chamber 44 are 
defined in the valve housing 41 . A transmission rod 45 
extends through the valve chamber 42 and the commu- 

25 nication passage 43. The transmission rod 45 moves in 
the axial direction, or in the vertical direction as viewed 
in the drawing. The upper portion of the transmission 
rod 45 is slidably located in the communication passage 
43 and the valve chamber 42. 

30 [0024] The communication passage 43 is disconnect- 
ed from the pressure sensing chamber 44 by the upper 
portion of the transmission rod 45. The valve chamber 
42 is connected to the discharge chamber 22 through 
an upstream section of the supply passage 28. The 

35 communication passage 43 is connected to the crank 
chamber 1 2 through a downstream section of the supply 
passage 28. The valve chamber 42 and the communi- 
cation passage 43 form a part of the supply passage 28. 
[0025] Acylindrical valve body 46 is formed in themid- 

40 die portion of the transmission rod 45 and is located in 
the valve chamber 42. A step defined between the valve 
chamber 42 and the communication passage 43 func- 
tions as a valve seat 47. When the transmission rod 45 
is moved from the position of Fig. 4, or the lowermost 

45 position, to the uppermost position, at which the valve 
body 46 contacts the valve seat 47, the communication 
passage 43 is disconnected from the valve chamber 42. 
That is, the valve body 46 controls the opening degree 
of the supply passage 28. 

so [0026] A pressure sensing member 48, which is a bel- 
lows in this embodiment, is located in the pressure sens- 
ing chamber 44. The upper end of the pressure sensing 
member 48 is fixed to the valve housing 41 . The lower 
end (movable end) of the pressure sensing member 48 

55 receives the upper end of the transmission rod 45. The 
pressure sensing member 48 divides the pressure sens- 
ing chamber 44 into a first pressure chamber 49, which 
is the interior of the pressure sensing member 48, and 
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a second pressure chamber 50, which is the exterior of 
the pressure sensing member 48. The first pressure 
chamber 49 is connected to the first pressure monitoring 
point P1 through a first pressure introduction passage 
35. The second pressure chamber 50 is connected to 
the second pressure monitoring point P2 through a sec- 
ond pressure introduction passage 36. Therefore, the 
first pressure chamber 49 is exposed to the pressure 
PdH monitored at the first pressure monitoring point P1 , 
and the second pressure chamber 50 is exposed to the 
pressure PdL monitored at the second pressure moni- 
toring point P2. The pressure sensing member 48 and 
the pressure sensing chamber 44 form a pressure sens- 
ing mechanism. 

[0027] Target pressure difference changing means, 
which is an electromagnetic actuator 51 in the preferred 
embodiment, is located at the lower portion of the valve 
housing 41 . The electromagnetic actuator 51 includes 
a cup-shaped cylinder 52. The cylinder 52 is located at 
the axial center of the valve housing 41. A cylindrical 
center post 53 is fitted in the upper opening of the cyl- 
inder 52. The center post 53 defines a plunger chamber 
54 at the lowermost portion in the cylinder 52. 
[0028] A plunger 56 is located in the plunger chamber 
54 and slides in the axial direction. An axial guide hole 
57 is formed in the center of the center post 53. The 
lower portion of the transmission rod 45 is slidably sup- 
ported by the guide hole 57. The lower end of the trans- 
mission rod 45 abuts against the upper end surface of 
the plunger 56 in the plunger chamber 54. 
[0029] A coil spring 60 is accommodated in the plung- 
er chamber 54 between the inner bottom surface of the 
cylinder 52 and the plunger 56. The coil spring 60 urges 
the plunger 56 toward the transmission rod 45. The 
transmission rod 45 is urged toward the plunger. 56 
based on the spring characteristics of the pressure 
sensing member 48 (hereinafter, referred to as a bel- 
lows 48). Therefore, the plunger 56 moves integrally 
with the transmission rod 45 up and down as viewed in 
the drawing. The force of the bellows 48 is greater than 
the force of the coil spring 60. 

[0030] A coil 61 is arranged about the outer wall of the 
cylinder 52 such that the coil 61 partly covers the center 
post 53 and the plunger 56. The coil 61 is connected to 
a drive circuit 71 , and the drive circuit 71 is connected 
to a controller 70. The controller 70 is connected to a 
detector 72. The controller 70 receives external infor- 
mation (on-off state of the air conditioner, the tempera- 
ture of the passenger compartment, and a target tem- 
perature) from the detector 72. Based on the received 
information, the controller 70 commands the drive circuit 
71 to supply current to the coil 61 from a battery 73. 
[0031] The electromagnetic force (electromagnetic 
attracting force) that corresponds to the value of the cur- 
rent from the drive circuit 71 to the coil 61 is generated 
between the plunger 56 and the center post 53. The 
electromagnetic force is then transmitted to the trans- 
mission rod 45 through the plunger 56. The value of the 
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current supplied to the coil 61 is controlled by controlling 
the voltage applied to the coil 61. In this embodiment, 
the applied voltage is controlled by pulse-width modu- 
lation (PWM). 

5 [0032] The position of the transmission rod 45 (the 
valve body 46), orthe valve opening of the control valve 
CV, is controlled in the following manner. 
[0033] As shown in Fig. 4, when the coil 61 is supplied 
with no electric current (duty ratio = 0%), the position of 
10 the transmission rod 45 is dominantly determined by the 
downward force of the bellows 48. Thus, the transmis- 
sion rod 45 is placed at its lowermost position, and the 
communication passage 43 is fully opened. Therefore, 
the pressure in the crank chamber 12 is the maximum 
15 value available at that time. The difference between the 
pressure in the crank chamber 12 and the pressure in 
the compression chambers 20 thus becomes great. As 
a result, the inclination angle of the swash plate 15 is 
minimized, and the discharge displacement of the com- 
20 pressor is also minimized. 

[0034] When a current of a minimum duty ratio, which 
is greater than 0%, is supplied to the coil 61 of the control 
valve CV, the resultant of the upward electromagnetic 
force and the upward force of the spring 60 surpasses 
25 the downward force of the bellows 48, which moves the 
transmission rod 45 upward. In this state, the resultant 
of the upward electromagnetic force and the upward 
force of the spring 60 acts against the resultant of the 
force based on the pressure difference APd (APd = PdH 
30 - PdL) and the downward forces of the bellows 48. The 
position of the valve body 46 of the transmission rod 45 
relative to the valve seat 47 is determined such that up- 
ward and downward forces are balanced. 
[0035] For example, if the flow rate of the refrigerant 
35 in the refrigerant circuit is decreased due to a decrease 
in speed of the engine E, the downward force based on 
the pressure difference APd decreases, and the electro- 
magnetic force cannot balance the forces acting on the 
transmission rod 45. Therefore, the transmission rod 45 
40 (the valve body 46) moves upward. This decreases the 
opening degree of the communication passage 43 and 
thus lowers the pressure in the crank chamber 12. Ac- 
cordingly, the inclination angle of the swash plate 15 is 
increased, and the displacement of the compressor is 
45 increased. The increase in the displacement of the com- 
pressor increases the flow rate of the refrigerant in the 
refrigerant circuit, which increases the pressure differ- 
ence APd. 

[0036] In contrast, when the flow rate of the refrigerant 
50 }n the refrigerant circuit is increased due to an increase 
in the speed of the engine E, the downward force based 
on the pressure difference APd increases and the cur- 
rent electromagnetic force cannot balance the forces 
acting on the transmission rod 45. Therefore, the trans- 
55 mission rod 45 (the valve body 46) moves downward 
and increases the opening degree of the communication 
passage 43. This increases the pressure in the crank 
chamber 12. Accordingly, the inclination angle of the 
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swash plate 15 is decreased, and the displacement of 
the compressor is also decreased. The decrease in the 
displacement of the compressor decreases the flow rate 
of the refrigerant in the refrigerant circuit, which de- 
creases the pressure difference APd. 
[0037] When the duty ratio of the electric current sup- 
plied to the coil 61 is increased to increase the electro- 
magnetic force, the pressure difference APd cannot bal- 
ance the forces acting on the transmission rod 45. 
Therefore, the transmission rod 45 (the valve body 46) 
moves upward and decreases the opening degree of the 
communication passage 43. As a result, the displace- 
ment of the compressor is increased. Accordingly, the 
flow rate of the refrigerant in the refrigerant circuit is in- 
creased and the pressure difference APd is increased. 
[0038] When the duty ratio of the electric current sup- 
plied to the coil 61 is decreased and the electromagnetic 
force is decreased accordingly, the pressure difference 
APd cannot balance the forces acting on the transmis- 
sion rod 45. Therefore, the transmission rod 45 (the 
valve body 46) moves downward, which increases the 
opening degree of the communication passage 43. Ac- 
cordingly, the compressor displacement is decreased. 
As a result, the flow rate of the refrigerant in the refrig- 
erant circuit is decreased, and the pressure difference 
APd is decreased. 

[0039] As described above, the target value of the 
pressure difference APd is determined by the duty ratio 
of current supplied to the coil 61 . The control valve CV 
automatically determines the position of the transmis- 
sion rod 45 (the valve body 46) according to changes of 
the pressure difference APd to maintain the target value 
of the pressure difference APd. The target value of the 
pressure difference APd is externally controlled by ad- 
justing the duty ratio of current supplied to the coil 61 . 
[0040] As shown in Fig. 2, a f irst cylindrical portion 81 
extends from the inner circumferential side of the front 
end surface 1 1 b of the housing 1 1 such that the first cy- 
lindrical portion 81 surrounds the front end portion of the 
drive shaft 13. A second cylindrical portion 82 extends 
from the outer circumferential portion of the front end 
surface 1 1 b of the housing 1 1 such that the second cy- 
lindrical portion 82 is coaxial with the first cylindrical por- 
tion 81 and the second cylindrical portion 82 surrounds 
the first cylindrical portion 81 . 

[0041] A first rotating member, which is a rotor 83 in 
the preferred embodiment, is rotatably supported by the 
outer circumferential surface 82a of the second cylindri- 
cal portion 82 through a bearing 84. The outer circum- 
ferential surface of the rotor 83 functions as a power 
transmitting portion, which is a belt holder 83a in the pre- 
ferred embodiment. The belt holder 83a has a saw-tooth 
cross section. A ribbed belt 85, which is connected to 
the engine E, is wound about the belt holder 83a. 
[0042] A hub 86 is secured to the front end portion of 
the drive shaft 13, which projects from the housing 11. 
A ring 87 having an L-shaped cross section is arranged 
at the outer circumferential side of the hub 86. A cylin- 
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drical outer circumferential wall 87a of the ring 87 ex- 
tends toward the rear end of the compressor inside the 
rotor 83. The distal end of the outer circumferential wall 
87a reaches inside the second cylindrical portion 82. 

5 [0043] The hub. 86 and the ring 87 are operably con- 
nected to each other by torque fluctuation reducing 
means, which is an annular rubber member 88 in the 
preferred embodiment. The rubber member 88 is ar- 
ranged to partly cover the hub 86 and the ring 87. The 

10 rubber member 88 is elastically deformed to permit the 
hub 86 and the ring 87 to rotate relative to each other 
by a certain amount. This disconnects the transmission 
of excessive torque fluctuations between the hub 86 and 
the ring 87. The hub 86, the ring 87, and the rubber 

15 member 88 form a second rotating member. The first 
rotating member (rotor 83) and the second rotating 
member form a pulley, which functions as a rotating 
body. 

[0044] A clutch mechanism, which is a one-way clutch 
20 89 in the preferred embodiment, is arranged between 
the rotor 83 and the ring 87. The one-way clutch 89 is 
arranged in the rotor 83 and is located in the area inside 
the belt holder 83a and entirely surrounded by the belt 
holder 83a. 

25 [0045] As shown in Figs. 2, 3(a), and 3(b), an annular 
outer clutch member 77 is secured to the inner circum- 
ferential surface 83b of the rotor 83 in front of the bearing 
84 (on the left side as viewed in the drawing). An annular 
inner clutch member 78 is secured to the outer circum- 

30 ferential surface 87b of the ring 87 (outer circumferential 
wall 87a) such that the inner clutch member 78 is sur- 
rounded by the outer clutch member 77. 
[0046] Recesses 90 are formed about the axis L of 
the drive shaft 13 at an equal angular interval on the 

35 inner circumferential surface 77a of the outer clutch 
member 77. A cam surface 90a is formed on the trailing 
end of each recess 90. A roller 91 , which extends par- 
allel with the drive shaft 13, is accommodated in each 
recess 90. Each roller 91 can be moved from the posi- 

40 tion where the roller 91 is engaged with the cam surface 
90a as shown in Fig. 3 (a) to the position where the roller 
91 is disengaged from the cam surface 90a as shown 
in Fig. 3 (b). 

[0047] A spring seat member 92 is provided in each 
45 recess 90 on the end portion opposite to the cam surface 
90a. A spring 93 is arranged between each spring seat 
member 92 and the corresponding roller 91 . Each spring 
93 urges the corresponding roller 91 toward the corre- 
sponding cam surface 90a. 
so [0048] As shown in Fig. 3 (a), when the rotor 83 is 
rotated by the power transmission from the engine E in 
the direction indicated by an arrow, the roller 91 is urged 
toward the cam surface 90a by the spring 93. Then, the 
roller 91 is engaged with the cam surface 90a. The ring 
55 87 is rotated in the same direction as the rotor 83 by the 
friction between the roller 91 and the outer circumferen- 
tial surface 78a of the inner clutch member 78 and the 
friction between the roller 91 and the cam surface 90a. 
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That is, when the engine E is running, the power of the 
engine E is transmitted to the drive shaft 1 3 through the 
ring 87, the rubber member 88, and the hub 86. Thus, 
the drive shaft 13 is always driven when the engine E is 
running. 

[0049] As shown in Fig. 3(b), if the ring 87 is rotated 
in the direction indicated by the arrow when the engine 
E (or the rotor 83) is stopped, the rotor 83 is assumed 
to be rotated in the opposite direction relative to the ring 
87. Therefore, the roller 91 is disengaged from the cam 
surface 90a and moves toward the spring seat 92 
against the force of the spring 93. Thus, the ring 87 runs 
idle with respect to the rotor 83. That is, when the motor 
generator MG functions as a motor and rotates the ring 
87 as will be described later, the power transmission be- 
tween the ring 87 and the rotor 83 is disconnected. 
Therefore, the power of the motor generator MG is not 
transmitted to the engine E. 

[0050] As shown in Fig. 2, the motor generator MG, 
which is formed of an induction machine, is located in 
the rotor 83. More specifically, the motor generator MG 
is arranged in the rotor 83 such that the motor generator 
MG is arranged in the area inside the belt holder 83a 
and surrounded by the belt holder 83a. 
[0051] That is, a stator 95, which includes a winding 
wire 95a and an iron core 95b, is secured to the outer 
circumferential surface 81 a of the first cylindrical portion 
81 inside the belt holder 83a of the rotor 83. Similarly, a 
rotary element 96, which includes a rotor conductor 96a 
and a rotor core 96b, is secured to the inner circumfer- 
ential surface 87c of the outer circumferential wall 87a 
of the ring 87 such that the rotary element 96 surrounds 
the periphery of the stator 95. 

[0052] As shown in Fig. 2, the winding wire 95a of the 
stator 95 is connected to a battery 73 through a drive 
circuit 74, which includes, for example, an inverter and 
a converter. The drive circuit 74 supplies current to the 
winding wire 95a based on commands from a controller 
70. 

[0053] When the engine E is running, the controller 
70 commands the drive circuit 74 to supply current to 
the winding wire 95a such that the motor generator MG 
functions as an induction generator. Therefore, when 
the ring 87 (rotary element 96) is rotated by the power 
transmission from the engine E, current is generated in 
the winding wire 95a and stored in the battery 73 through 
the drive circuit 74. 

[0054] If the controller 70 determines that the air 
needs to be cooled based on the information from a de- 
tector 72 when the engine E is stopped, the controller 
70 commands the drive circuit 74 to supply current to 
the winding wire 95a such that the motor generator MG 
functions as an induction motor. Therefore, the rotary 
element 96 is rotated and the rotation is transmitted to 
the drive shaft 1 3 through the ring 87, the rubber mem- 
ber 88, and the hub 86. Therefore, although the engine 
E is stopped , the compartment temperature can be con- 
trolled. 



[0055] When the engine E is stopped, the controller 
70 commands the drive circuit 74 to rotate the motor 
generator MG (rotary element 96) at a substantially con- 
stant speed. As for the fluctuations of the cooling load, 
5 the duty ratio for driving the control valve CV (coil 61 ) is 
adjusted in the same manner as when the engine E is 
running. 

[0056] The above illustrated embodiment has the fol- 
lowing advantages. 

10 

(1 ) The motor generator MG is arranged in the rotor 
83 such that the motor generator MG is arranged in 
the area inside the belt holder and surrounded by 
the belt holder 83a. That is, the space inside the belt 
15 holder 83a is effectively used for accommodating 
the motor generator MG. Therefore, the size of the 
pulley PT, or the size of the compressor, which has 
the pulley PT, is reduced in the direction of the axis 
L of the drive shaft 13. Thus, the pulley PT is easily 
20 installed in a vehicle. 



(2) At least the main parts of the motor generator 
MG, or the large parts, which are the stator 95 and 
the rotary element 96, are arranged inside the belt 

25 holder 83a. Therefore, the advantage described in 
(1) is more effectively provided. 

(3) The one-way clutch 89 permits power transmis- 
sion from the rotor 83 (engine E) to the ring 87 (drive 

30 shaft 1 3) and restricts power transmission from the 
ring 87 to the rotor 83. Therefore, when the engine 
E is stopped, the power of the motor generator MG 
is prevented from being unnecessarily transmitted 
to the engine E. Thus, excessive power consump- 

35 tion by the motor generator MG is suppressed. 

(4) The one-way clutch 89 limits the direction of 
power transmission by a mechanical structure. 
Therefore, compared with a case when, for exam- 

40 pie, an electromagnetic clutch is used as a dutch 
mechanism and the electromagnetic clutch controls 
the direction of power transmission (this does not 
deviate from the concept of the present invention), 
the electric configuration of the pulley PT is simpli- 

45 tied and the computing load of the controller 70 for 
controlling the electric configuration is reduced. 

(5) The one-way clutch 89 is arranged in the rotor 
83 such that the one-way clutch 89 is arranged in 

so the area inside the belt holder 83a and surrounded 
by the belt holder 83a. Therefore, the advantage de- 
scribed in (1) is more effectively provided. The size 
of the one-way clutch 89 is less than the size of, for 
example, the electromagnetic clutch. Also, an elec- 

55 trie wiring for connecting the clutch to an external 
device is not required. Therefore, the one-way 
clutch 89 is entirely accommodated in the area in- 
side the belt holder 83a easily. 
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(6) The hub 86 is connected to the ring 87 by the 
rubber member 88, which reduces the transmission 
of torque fluctuations between the hub 86 and the 
ring 87. Therefore, for example, the excessive fluc- 
tuations of the load torque of the compressor con- 
nected to the hub 86 is prevented from being trans- 
mitted to the engine E, orthe motor generator MG, 
connected to the ring 87 (when the engine is 
stopped). Therefore, the engine E orthe motor gen- 
erator MG is operated in a stable manner. The ro- 
tary element 96 of the motor generator MG also 
contributes to reducing the torque fluctuations. 

(7) The control valve CV does not directly use the 
suction pressure, which is affected by the value of 
thermal load on the evaporator 33, as an index for 
controlling the opening degree of the valve in the 
similar manner as the control valve of a target suc- 
tion pressure variable type control valve. The dis- 
placement of the compressor is feedback controlled 
based on the pressure difference APd between the 
two pressure monitoring points P1 , P2 in the refrig- 
erant circuit. Thus, compared with, for example, the 
target suction pressure variable type control valve, 
the compressor displacement is quickly and reliably 
controlled based on the fluctuation of the engine 
speed and by the controller 70 without being influ- 
enced by the thermal load on the evaporator 33. 
Particularly, when the engine speed increases, the 
compressor displacement is quickly decreased, 
which improves the fuel economy. 

[0057] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0058] In the motor generator MG according to the 
preferred embodiment, the rotary element 96 is ar- 
ranged outside the stator 95. This is called an outer rotor 
type. The motor generator MG may be changed to an 
inner rotor type. That is, as shown in Fig. 5, the stator 
95 is secured to the inner circumferential surface of the 
second cylindrical portion 82 and the rotary element 96 
is secured to the inner circumferential portion of the hub 
86 such that the rotary element 96 is arranged inside 
the stator 95. 

[0059] A torque limiter (disconnecting means) may be 
arranged between the hub 86 and the ring 87 to discon- 
nect to prevent the transmission of excessive torque be- 
tween the hub 86 and the ring 87. 
[0060] That is, for example, as shown in Figs. 6(a), 6 
(b), and 6(c), the rubber member 88 may be omitted. In 
this case, a rubber member 98, which is annular about 
the axis L, is secured to the inner circumferential side of 
the ring 87 instead of the rubber member 88. The rubber 
member 98 includes projections 98a (only one is 



shown), which extend toward the hub 86 at an equal an- 
gular interval about the axis L. The hub 86 includes re- 
cesses 99 (only one is shown) on its outer circumferen- 
tial portion at an equal angular interval about the axis L. 

5 Each of the projection 98a of the rubber member 98 is 
fitted to one of the recesses 99. Power is transmitted 
between the hub 86 and the ring 87 by the engagement 
of the projections 98a and the recesses 99. 
[0061 ] The elastic force of the rubber member 98 (pro- 

10 jections98a) is not sufficient for maintaining the engage- 
ment between the projection 98a and the recesses 99 
when a malfunction occurs in the driven apparatus, for 
example, when the apparatus is locked, and the exces- 
sive torque above an upper limit level is generated. 

is Therefore, as shown in Figs. 6(b) and 6(c), the projec- 
tions 98a are elastically deformed and disengaged from 
the recesses 99. Thus, the hub 86 and the ring 87 are 
disconnected, which disconnects the power transmis- 
sion between the hub 86 and the ring 87. As a result, 

20 the engine E connected to the ring 87 is prevented from 
being affected by an excessive load torque of the com- 
pressor connected to the hub 86. 

[0062] The hub 86 and the ring 87 rotate relative to 
each other by a certain amount while maintaining the 

25 power transmission. The power transmission is main- 
tained by the elastic deformation of the projections 98a 
in the range that the projections 98a are not disengaged 
from the recesses 99. Therefore, the transmission of ex- 
cessive torque fluctuations between the hub 86 and the 

30 ring 87 is disconnected by the rubber member 98. That 
is, the rubber member 98 also functions as the torque 
fluctuation reducing means. 

[0063] A sprocket and gear may be used as a rotating 
body instead of the pulley. That is, the present invention 
35 is applied to a rotating apparatus, which transmits power 
between the engine E and the compressor through a 
chain or a gear mechanism. 

[0064] The rotating apparatus of the present invention 
may be embodied in a wobble type variable displace- 

40 ment compressor. 

[0065] The rotating apparatus of the present invention 
may be embodied in a scroll type rotary compressor. 
[0066] The rotating apparatus of the present invention 
may be embodied in a fixed displacement compressor. 

45 [0067] The first pressure monitoring point P1 may be 
located in a suction pressure zone, which includes the 
evaporator 33 and the suction chamber 21 . In this case, 
the second pressure monitoring point P2 is located 
downstream of the first pressure? monitoring point P1 

50 within the suction pressure zone. 

[0068] The first pressure monitoring point P1 may be 
located in a discharge pressure zone, which includes 
the discharge chamber 22 and the condenser 31 . In this 
case, the second pressure monitoring point P2 is locat- 

55 ed in the suction pressure zone. 

[0069] The f irst pressure monitoring point P1 may be 
located in the discharge pressure zone. In this case, the 
second pressure monitoring point P2 is located in the 
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crank chamber 12. The second pressure monitoring 
point P2 may be located in the crank chamber 1 2. In this 
case, the first pressure monitoring point P1 is located in 
the suction pressure zone. 

[0070] The locations of the pressure monitoring points 
P1 and P2 are not limited to the main circuit of the re- 
frigerant circuit, which includes the external refrigerant 
circuit 30 (evaporator 33), the suction chamber 21 , the 
compression chamber 20, the discharge chamber 22, 
and external refrigerant circuit 30 (the condenser 31). 
That is, the pressure monitoring points P1 and P2 need 
not be in a high pressure zone or a low pressure zone 
of the refrigerant circuit. For example, the pressure mon- 
itoring points P1 , P2 may be located in the crank cham- 
ber 12 which is an intermediate pressure zone of a re- 
frigerant passage for controlling the compressor dis- 
placement. The displacement controlling passage is a 
subcircuit of the refrigerant circuit, and includes the sup- 
ply passage 28, the crank chamber 12, and the bleed 
passage 27. 

[0071 ] A target suction pressure variable type control 
valve or target discharge pressure variable type control 
valve may be used as the control valve CV. The target 
suction pressure variable type control valve includes a 
pressure sensing mechanism and a target suction pres- 
sure changing means. The pressure sensing mecha- 
nism mechanically detects the suction pressure and 
moves the valve body to change the displacement o1 the 
variable displacement compressor in a direction to can- 
cel the fluctuations of the detected suction pressure. 
The target suction pressure changing means controls 
the force applied to the valve body by an external com- 
mand and changes the target suction pressure, which 
is a reference value for determining the position of the 
valve body by the pressure sensing mechanism. The 
target discharge pressure variable type control valve is 
applied in the same manner as the target suction pres- 
sure variable type control valve. 
[0072] The rotary electric device may be structured to 
function only as a motor or a generator. 
[0073] The rotating apparatus of the present invention 
may be applied to a fluid machine otherthan a compres- 
sor of a vehicular air conditioner. For example, the ro- 
tating apparatus of the present invention may be applied 
to a hydraulic pump for a brake assisting apparatus of 
a vehicle, a hydraulic pump for a power steering appa- 
ratus, and an air pump for an air suspension apparatus. 
[0074] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 
and equivalence of the appended claims. 
[0075] The present invention provides a rotating ap- 
paratus. The rotating apparatus includes a rotor (83) 
and a motor generator (MG). The rotor (83) includes a 
belt holder (83a) on its outer circumferential surface. 
The belt holder (83a) transmits power between an en- 
gine (E) and the rotor (83). The motor generator (MG) 



is accommodated in and operably connectedto the rotor 
(83) The motor generator (MG) selectively functions as 
at least one of a motor and a generator. The motor gen- 
erator (MG) is arranged inside the belt holder (83a) such 
s that the motor generator (MG) is surrounded by the belt 
holder (83a). 



Claims 



1 A rotating apparatus, wherein the rotating appara- 
tus includes a rotating body (83), and the rotating 
body (83) has a power transmitting portion (83a) on 
its outer circumferential surface for transmitting 
15 power between an external drive source (E) and the 
rotating body (83), and a rotary electric device 
(MG) which is accommodated in and operably con- 
nected to the rotating body (83), and wherein the 
rotary electric device (MG) selectively functions as 
20 at least one of a motor and a generator, the rotating 
body (83) being characterized in that: 

the rotary electric device (MG) is arranged in- 
side the power transmitting portion (83a) such 
25 that the rotary electric device (MG) is surround- 

ed by the power transmitting portion (83a). 

2 The rotating apparatus according to claim 1 , char- 
acterized in that the rotating body (83) is a pulley 
30 and the power transmitting portion (83a) of the ro- 
tating body (83) is a belt holder about which a belt 
(85) , which is connected to the external drive source 
(E), is wound. 

35 3 The rotating apparatus according to one of claims 
1 or 2, characterized in that substantially the entire 
outer circumferential surface of the rotating body 
(83) forms the power transmitting portion (83a). 

40 4 The rotating apparatus according to any one of 
claims 1 to 3, characterized in that the rotary elec- 
tric device (MG) includes a stator (95) and a rotary 
element (96), and the stator (95) and the rotary el- 
ement (96) are arranged inside the power transmit- 
45 ting portion (83a). 

5 The rotating apparatus according to any one of 
claims 1 to 4, characterized in that the rotating 
body (83) and the rotary electric device (MG) are 
so supported by a housing (11) of a fluid machine and 
operably connected to a drive shaft (1 3) of the fluid 
machine, wherein the power transmitting portion 
(83a) transmits power between the drive shaft (13) 
of the fluid machine and an external drive source 
55 (E). 

6 The rotating apparatus according to claim 5, char- 
acterized in that the external drive source is a drive 
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source (E) of a vehicle, and wherein, when the drive 
source (E) is stopped, the rotary electric device 
(MG) functions as a motor and drives the drive shaft 
(1 3) of the fluid machine. 

The rotating apparatus according to one of claims 
5 or 6 , characterized in that, when the drive source 
(E) is running, the rotary electric device (MG) func- 
tions as a generator. 

The rotating apparatus according to any one of 
claims 5 to 7, characterized in that the fluid ma- 
chine is a compressor, which forms a part of a re- 
frigerant circuit (30) of an air conditioner. 

The rotating apparatus according to claim 8, char- 
acterized in that the displacement of the compres- 
sor is controlled by adjusting the pressure in a con- 
trol chamber (12), wherein the pressure in the con- 
trol chamber (12) is controlled by adjusting the 
opening degree of a control valve (CV), 

wherein the control valve (CV) includes: 



10 



15 



20 



portion (83a) such that the clutch mechanism (89) 
is surrounded by the power transmitting portion 
(83a). 

13. The rotating apparatus according to any one of 
claims 1 to 12, characterized in that the ring (87) 
includes reducing means (88) in a power transmit- 
ting path to reduce the fluctuations of the transmit- 
ted torque. 

14. The rotating apparatus according to any one of 
claims 1 to 13, characterized in that the ring (87) 
includes disconnecting means (98) in the power 
transmitting path to disconnect to prevent the trans- 
mission of the excessive torque. 



a pressure sensing mechanism, wherein the 
pressure sensing mechanism detects the pres- 
sure difference between two pressure monitor- 
ing points (P1 , P2) located along a refrigerant 
passage of the refrigerant circuit (30), and 
moves a valve body (46) to change the dis- 
placement of the compressor to cancel the fluc- 
tuations of the detected pressure difference; 
and 

target pressure difference changing means for 
changing the target pressure, which is a refer- 
ence value for determining the position of the 
valve body (46), by adjusting a force applied to 
the valve body (46) by an external command. 

10. The rotating apparatus according to any one of 
claims 1 to 9, characterized in that the rotating 
body includes a pulley (83), which includes the pow- 
er transmitting portion (83a), and a ring (87), which 
is connected to the rotary electric device (MG) and 
rotates integrally with the rotary electric device 
(MG), wherein a clutch mechanism (89), which con- 
nects and disconnects the pulley and the ring (87), 
is located between the pulley (83) and the ring (87). 

1 1 . The rotating apparatus according to claim 1 0, char- 
acterized in that the clutch mechanism (89) is a 
one-way clutch, which permits the power transmis- 
sion from the pulley (83) to the ring (87), and selec- 
tively disconnects the power transmission from the 
ring (87) to the pulley (83). 

12. The rotating apparatus according to one of claims 
10 or 11 , characterized in that the clutch mecha- 
nism (89) is arranged inside the power transmitting 
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